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Objective: Clinical outcomes in acute type B aortic dissection patients with partial thrombosis of the false lumen have not
been clearly elucidated. The purpose of this study was to investigate long-term mortality and incidence of surgical
treatment by focusing on the status of the false lumen including partial thrombosis.
Methods:One hundred three patients (69 males, mean age 676 13 years) with acute type B aortic dissection were enrolled.
Patients were divided into three groups according to the status of the false lumen on enhanced computed tomography
image (complete thrombosis, n [ 55; partial thrombosis, n [ 25; patent, n [ 23).
Results: Requirement of surgical (open or endovascular) treatment during initial hospitalization was signiﬁcantly less
frequent in patients with complete thrombosis (0% in complete thrombosis, 16% in partial thrombosis, and 26% in
patent). The long-term mortality (mean follow-up term, 1143 6 933 days) did not differ among the three groups. Long-
term surgical treatment-free rate was signiﬁcantly lower in patients with patent false lumen. Cox regression analysis
revealed that age (P < .01) and male sex (P [ .013) were signiﬁcant predictive factors of long-term mortality.
Conclusions: In acute type B aortic dissection, the incidence of surgical treatment was higher in patients with patent false
lumen during long-term follow-up, whereas status of the false lumen did not inﬂuence long-term mortality. (J Vasc Surg
2014;59:321-6.)Acute aortic dissection is a life-threatening condition
with high risk of mortality. Patients with acute type B aortic
dissection have better in-hospital outcomes than acute
type A aortic dissection. Despite favorable outcomes of
acute type B aortic dissection,1,2 various long-term prog-
nosis has been reported. Previous studies have shown
patients with a patent false lumen have poorer outcomes
than those with complete thrombosis of the false lumen
in acute type B aortic dissection.3,4
A recent report showed that partial thrombosis of the
false lumen, compared with complete patency, is an inde-
pendent predictor of postdischarge mortality among
patients with acute type B aortic dissection.5 However,
the issue about partial thrombosis of the false lumen has
not been clearly elucidated.6-8
The purpose of this study was to evaluate the inﬂuence
of status of the false lumen, including partial thrombosis,
on long-term mortality and incidence of surgical treatment
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Study population. Data was examined from 103
consecutive patients who were admitted to Handa City
Hospital and diagnosed as having acute type B aortic
dissection during the 10-year period from January 2002,
to December 2011. Acute type B aortic dissection was
deﬁned as any nontraumatic dissection not involving the
ascending aorta and presenting within 14 days of symptom
onset. The database was developed prospectively, and
clinical data were analyzed retrospectively.
Diagnosis, classiﬁcation, and treatment. The diag-
nosis was conﬁrmed with enhanced computed tomography
(CT) immediately after emergency admission. CT exami-
nations were performed with an Aquilion 4 scanner (Tosh-
iba Medical Systems, Tokyo, Japan) before October 2006,
with an Aquilion 16 scanner from November 2006 to April
2007, and with an Aquilion 64 scanner after May 2007, all
obtaining axial images with contiguous 5.0-mm-thick
sections from the top of the aortic arch to the iliac bifur-
cation. Enhanced CT was performed with a bolus injection
of 100 mL of nonionic contrast media. The two phases
(early and delayed phase) of imaging were obtained after
2010, and only early phase of imaging was obtained before
2009. The imaging results were interpreted by experienced
radiologists and cardiologists independently, and ﬁnal
decisions regarding the image ﬁndings were made by
consensus. The status of the false lumen on imaging was
classiﬁed as completely thrombosed if no ﬂow was present,
as partially thrombosed if both ﬂow and thrombus were
present, or as patent if ﬂow was present in the absence of
thrombus. All 103 patients were divided into three groups321
Fig 1. Enhanced computed tomography (CT) images, which show complete thrombosis, partial thrombosis, and
patent false lumen.
Table I. Patients characteristics
All patients
(N ¼ 103)
Complete thrombosis
(n ¼ 55)
Partial thrombosis
(n ¼ 25)
Patent
(n ¼ 23) P value
Characteristic
Age, years 67.1 6 13.1 68.4 6 11.1 72.4 6 10.3 58.3 6 16.0 <.001
Male sex 69 (67.0) 36 (65.5) 12 (48.0) 21 (91.3) <.01
Hypertension 90 (87.4) 49 (89.1) 21 (84.0) 20 (87.0) .82
Dyslipidemia 25 (24.3) 12 (21.8) 9 (36.0) 4 (17.4) .27
Diabetes 6 (5.8) 3 (5.5) 1 (4.0) 2 (8.7) .77
Current smoker 39 (37.9) 26 (47.3) 4 (16.0) 9 (39.1) .03
Hemodialysis 3 (2.9) 0 (0) 2 (8.0) 1 (4.3) .13
Previous aortic dissection 3 (2.9) 0 (0) 2 (8.0) 1 (4.3) .13
Previous aortic aneurysm 14 (13.6) 8 (14.5) 1 (4.0) 5 (21.7) .19
Clinical presentation
Chest pain 54 (52.4) 31 (56.4) 11 (44.0) 12 (52.2) .59
Back pain 78 (75.7) 41 (74.5) 19 (76.0) 18 (78.3) .94
Abrupt of onset of pain 94 (91.3) 51 (92.7) 20 (80.0) 23 (100) .04
Migrating pain 23 (22.3) 10 (18.2) 6 (24.0) 7 (30.4) .48
Any neurologic deﬁcit 2 (1.9) 0 (0.0) 2 (8.0) 0 (0.0) .04
Systolic blood pressure, mm Hg 177.6 6 37.7 175.9 6 35.4 181.6 6 37.9 177.1 6 43.5 .83
Diastolic blood pressure, mm Hg 92.7 6 20.7 91.0 6 19.7 95.8 6 23.7 93.5 6 20.2 .62
Widest diameter of descending aorta, cm 3.9 6 1.0 3.7 6 1.0 3.8 6 0.6 4.3 6 1.0 .09
Continuous data are presented as mean ± standard deviation and categoric data as number (%).
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image: patent, partial thrombosis, or complete thrombosis
(Fig 1). Standard follow-up of CT examinations (enhanced
or nonenhanced) were performed every week during
hospitalization, at 1, 3, and 6 months after discharge, and
then once a year.
All patients initially received medical therapy. Calcium-
channel blockers were started by continuous intravenous
infusion to control blood pressure immediately after admis-
sion. Some patients required additional continuous intrave-
nous infusion of other pharmacologic agents. When oral
administration was possible, oral antihypertensive medica-
tion were administered. Blood pressure was controlled to
maintain systolic blood pressure less than 120 mm Hg.
Clinical outcomes. All patients were followed up for
the occurrence of all-cause death and requirement of
surgical (open or endovascular) treatment related to aortic
dissection during initial hospitalization and after discharge.
Surgery for occlusion of a major aortic branch with end-
organ ischemia was included in the surgical treatment.
Aortic repair in the chronic phase was performed in patientswith complications such as rupture or an increased aortic
diameter.
Statistical analysis. Data are presented as mean 6
standard deviation. Categorical variables are expressed as
count and percentages. Among the three groups, contin-
uous data were compared by analysis of variance and cate-
gorical data were compared by the c2 test. Kaplan-Meier
estimates were generated to describe an outcome time-
course. The log-rank test was used to compare differ-
ences. Associations between all clinical variables including
false-lumen status and mortality were calculated by Cox
regression analysis. Multivariate analysis included prog-
nostic factors with P # .20 at univariate analysis. P < .05
was considered statistically signiﬁcant. All analyses were
performed with the SPSS 18.0 software package (SPSS Inc,
Chicago, Ill).
RESULTS
Baseline characteristics and CT images. The mean
age of all 103 patients was 67.1 6 13.1 years (Table I).
The majority of patients (67.1%) were male, and 87.4% had
In-hospital death  Requirement of surgical treatment
0
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Complete thrombosis Partial thrombosis Patent
P = .31
P = .08
0
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20
30
40
Complete thrombosis Partial thrombosis Patent
P < .001
P < .01
n = 55 n = 25 n = 23 n = 55 n = 25 n = 23
P = .31
ba
Fig 2. a, In-hospital death; patients with a complete thrombosis of the false lumen tended to have lower in-hospital
mortality, but no signiﬁcant differences were observed. b, Requirement of open or endovascular treatment; require-
ment of open or endovascular treatment related to aortic dissection during initial hospitalization was signiﬁcantly less
frequent in patients with a complete thrombosis of the false lumen than those in the other two false lumen groups.
JOURNAL OF VASCULAR SURGERY
Volume 59, Number 2 Tanaka et al 323a history of hypertension. Prior aortic aneurysm (13.9%)
was not uncommon. Table I also shows baseline charac-
teristics of patients stratiﬁed according to the status of the
false lumen. On the CT imaging, the false lumen was found
to be completely thrombosed in 55 patients (53.4%),
partially thrombosed in 25 (24.3%), and patent in 23
(22.3%). Patients with a patent false lumen were signiﬁ-
cantly younger than those in the other two groups, with
a mean age of 58.3 6 16.0 years, vs 68.4 6 11.1 years in
complete thrombosis and 72.4 6 10.3 years in partial
thrombosis (P < .001). The rate of males with a patent
false lumen was signiﬁcantly higher than those in the other
two groups (P < .01).
Although 17 patients (16.5%) who received enhanced
CT only at the time of admission because of death, urgent
aortic repair, or renal dysfunction, 86 patients (83.5%, 48
patients in complete thrombosis, 19 patients in partial
thrombosis, and 18 patients in patent) received enhanced
CT twice or more during initial hospitalization. False
lumen changed from complete thrombosis to partial
thrombosis in three patients, partial thrombosis to
complete thrombosis in four patients, and patent to partial
thrombosis in two patients during initial hospitalization.
Forty-seven patients received follow-up enhanced CT
after discharge (787 6 699 days after initial CT). False
lumen changed from partial thrombosis to complete
thrombosis in two patients, partial thrombosis to patent
in one patient, and patent to partial thrombosis in six
patients during follow-up after discharge.
In hospital outcomes. Fig 2, a and b show in-hospital
clinical outcomes in patients stratiﬁed according to the
status of the false lumen. Requirement of surgical treat-
ment related to aortic dissection during initial hospitaliza-
tion was signiﬁcantly less frequent in patients with
a complete thrombosis of the false lumen than those in the
other two groups (0% in complete thrombosis, 16% in
partial thrombosis, and 26% in patent) (vs partial, P < .001vs patent, P < .001, respectively) (Fig 2, b). Furthermore,
patients with a complete thrombosis of the false
lumen tended to have lower in-hospital mortality, but no
signiﬁcant differences were observed (0% in complete
thrombosis, 4% in partial thrombosis, and 9% in patent)
(Fig 2, a).
Long-term outcomes. The mean follow-up term of
the 103 patients was 1143 6 933 days. Fig 3, a shows the
Kaplan-Meier survival curves stratiﬁed according to false
lumen status. The 1-, 3-, and 5-year survival rates in
patients with complete thrombosis were 95.7% 6 3.0%,
83.3% 6 6.3%, and 79.7% 6 7.0%, respectively, 91.0% 6
6.2%, 84.9% 6 8.2%, and 76.4% 6 10.9% in partial
thrombosis and 84.6% 6 8.3%, 84.6% 6 8.3%, and
72.6% 6 13.3% in patent. The long-term mortality did not
differ among the three groups. Fig 3, b shows the Kaplan-
Meier curve indicating freedom from surgical treatment
related to aortic dissection. The event free rate was lowest
in patients with patent false lumen. Fig 3, c shows the
Kaplan-Meier curve indicating freedom from surgical
treatment related to aortic dissection and all cause death.
Again, the event-free rate was lowest in patients with patent
false lumen. These outcomes in Fig 3, a, b, and c was not
different if the 14 patients with prior aortic aneurysm were
removed from the analysis.
During follow-up, 22 patients underwent surgical
treatment for aneurysmal dilatation in 13 patients (two
during initial hospitalization and 11 after discharge), aortic
rupture in three patients (three during initial hospitaliza-
tion), retrograde ascending dissection in one patient
(during initial hospitalization), organ ischemia including
lower limb ischemia and mesenteric ischemia in four (three
during initial hospitalization and one after discharge), and
cardiac tamponade with suspicion of retrograde ascending
dissection in one (during initial hospitalization). The size
threshold of 60 mm was used to determine need for aortic
repair.
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No. at risk (SE, %)
Complete thrombosis 55 (0) 41 (3.0) 29 (4.9) 9 (7.0) 1 (14.1)
Partial thrombosis 25 (0) 15 (6.2) 13 (8.2) 5 (14.8) 1 (14.8)
Patent 23 (0) 12 (8.3) 11 (8.3) 5 (13.3) 2 (13.3)
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Partial thrombosis 25 (0) 13 (9.2) 11 (10.1) 4 (14.3) 1 (14.3)
Patent 23 (0) 8 (11.1) 6 (11.7) 2 (12.4) 1 (12.4)
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Time (d) 0 500 1000 2000 3000
No. at risk (SE, %)
Patients without surgery 81 (0) 53 (3.1) 39 (4.5) 14 (8.0) 3 (9.8)
Patients with surgery 22 (0) 15 (7.1) 14 (7.1) 5 (7.1) 1 (7.1)
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Fig 4. Kaplan-Meier survival curves for the patients who were
treated with surgical treatment and the patients who were not; log-
rank testing did not reveal signiﬁcant difference of long-term
mortality between the two groups (P ¼ .196). SE, Standard error.
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patients who were treated with surgical treatment and the
patients who were not. Log-rank testing did not reveal
signiﬁcant difference of long-term mortality between the
two groups (P ¼ .196).
Cox regression analysis revealed that age (P < .01) and
male sex (P ¼ .013) were signiﬁcant predictive factors of
long-term mortality (Table II).DISCUSSION
This study showed that patients with a patent false
lumen had a higher frequency of requiring surgical treat-
ment related to aortic dissection during the long-termFig 3. a, Kaplan-Meier survival curves stratiﬁed according to false
lumen status; log-rank testing did not reveal signiﬁcant differences
among the three groups. b, Kaplan-Meier curve indicating
freedom from surgical treatment related to aortic dissection; the
event free rate was lowest in patients with patent false lumen. c,
Kaplan-Meier curve indicating freedom from surgical treatment
related to aortic dissection and all cause death; the event free rate
in patients with patent false lumen was signiﬁcantly lower than
complete thrombosis and tended to be lower than partial. There
was no signiﬁcant difference between patients with partial
thrombosis and complete thrombosis. SE, Standard error.
Table II. Predictors for mortality: Cox proportional hazard analysis
Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Age 1.05 (1.00-1.10) .019 1.07 (1.02-1.13) .003
Male 2.95 (0.85-10.23) .087 5.24 (1.41-19.42) .013
Hypertension 1.77 (0.40-7.84) .447
Dyslipidemia 0.81 (0.26-2.46) .711
Diabetes 0.87 (0.11-6.60) .897
Current smoker 0.63 (0.22-1.78) .391
Previous aortic aneurysm 3.72 (1.17-11.75) .025 2.73 (0.81-9.19) .102
Patent false lumen 0.99 (0.32-3.04) .997
Partial thrombosis 1.16 (0.41-3.26) .776
Complete thrombosis 0.89 (0.35-2.25) .806
Widest diameter of descending aorta 1.01 (0.95-1.07) .707
CI, Conﬁdence interval; HR, hazard ratio.
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inﬂuence long-term mortality.
Patients with acute type B aortic dissection treated with
effective antihypertensive therapy have low in-hospital
mortality.1,9 However, there are various reports regarding
long-term clinical outcomes of patients with acute type B
aortic dissection after discharge, with survival rates ranging
from 48% to 82% at 5 years.2,4,5,10,11 Therefore, many
studies have evaluated and identiﬁed predictors of clinical
outcomes such as age, refractory hypertension, and
maximum aortic diameter.4,12 In addition to these factors,
patency of the false lumen has been shown as an important
predictor of long-term clinical outcomes. Previous studies
have demonstrated that patients with patent false lumen
have poorer outcomes than those with complete throm-
bosis of the false lumen.3,13
Recently much attention has been focused on partial
thrombosis of the false lumen. Trimarchi and colleagues re-
ported that partial thrombosis of the false lumen was asso-
ciated with higher aortic growth rate compared with patent
or complete thrombosis of the false lumen.6 On the other
hand, Sueyoshi and colleagues demonstrated that the
growth rate of affected aorta among the patients with
patent false lumen was the fastest among the three groups.7
In the present study, the incidence of surgical treatment
was highest in patients with patent false lumen. Our results
might indicate the fastest growth rate of patent false lumen.
Tsai and colleagues reported that partial thrombosis of
the false lumen, compared with patent false lumen, is an
independent predictor of post discharge mortality.5 They
also stated that their ﬁndings did not change when
including patients who did not survive to hospital
discharge.14 The long-term mortality did not signiﬁcantly
differ among the three groups in our study. It is speculated
that the difference between our conclusion and the report
from Tsai and colleagues5 is attributed to some factors.
Although their study excluded patients diagnosed with
intramural hematoma, they also showed their ﬁnding did
not change when including patients with intramural hema-
toma (classiﬁed as complete thrombosis group). However,the rate of patients with complete thrombosis including
intramural hematoma was still lower compared with those
in our study (18% vs 53%). Meanwhile, another report
showed higher rate of complete thrombosis including
intramural hematoma (63%).12 These differences might
be associated with different scan protocols, genetic, or
environmental inﬂuences.6 Given that the survival of acute
type B aortic dissection patients with complete thrombosis
is favorable, that might inﬂuence the results. Larsen and
colleagues showed that preoperative false lumen status
did not inﬂuence long-term mortality in the patients with
acute type A aortic dissection who received surgical treat-
ment.8 In our study, the patients who received surgical
treatment did not have worse mortality (Fig 4), which
might inﬂuence our conclusion.
We should refer to the diversity of the formation of
partial thrombosis. The diversity results from whether
a sac type or a non-sac type, communications with main
arterial branches exist or not, or proportion of thrombosed
lumen to false lumen, although this remains speculative.
The difference of outcomes between the sac formation
type and non-sac formation type was reported; however,
the patients with the sac formation type were only three
cases in the report.7 Tsai and colleagues mentioned that
the formation of partial thrombus may occlude distal tears,
impending outﬂow and in most extreme situation, result-
ing in a blind sac.5 However, a 90% thrombosed false
lumen might be different from a 10% thrombosed false
lumen. The sample size of this study as well as previous
studies is too small to assess those differences in partial
thrombosis of the false lumen. Studies with a larger sample
size would be required to address this issue.
This study has a number of limitations. First, this was
a single-center study, and the sample size was relatively
small. Second, mean follow-up term was relatively short,
and the follow-up periods of patients varied. Third, we ob-
tained the data about false lumen status by enhanced CT in
only about 50% of the enrolled patients after discharge.
Fourth, only early phase of enhanced CT imaging was ob-
tained in most patients. Traditional ﬁrst-pass technique to
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degree of thrombosis in the false lumen.8 Furthermore,
CT scanners have changed during the last 10 years. The
difference of imaging capability among CT scanners might
cause difference in diagnostic accuracy. Fifth, although
minimally invasive endovascular treatment has been devel-
oped, no patient received endovascular aortic repair in our
study. However, there are few investigations referring to
status of the false lumen including partial thrombosis,
and it would be of beneﬁt to accumulate data regarding
this issue.
In conclusion, the incidence of surgical treatment was
higher in patients with patent false lumen during long-
term follow-up in acute type B aortic dissection, whereas
status of the false lumen did not inﬂuence long-term
mortality.
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